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3.0 BEST-BASIS INVENTORY ESTIMATE

Information about the chemical and/or physical properties of tank wastes is used to perform
safety analyses, engineering evaluations, and risk assessments associated with waste
management activities, as well as to address regulatory issues. Waste management activities
include overseeing tank farm operations and identifying, monitoring, and resolving safety
issues associated with these operations and with the tank wastes. Disposal activities involve
designing equipment, processes, and facilities for retrieving wastes and processing the wastes
into a form that is suitable for long-term storage.

Chemical inventory information generally is derived using two approaches: 1) component
inventories are estimated using the results of sample analyses; and 2) component inventories
are predicted using a model based on process knowledge and historical information. The most
recent model was developed by Los Alamos National Laboratory (LANL) (Agnew et al.
1997). Not surprisingly, information derived from these two different approaches is often
inconsistent.

An effort is underway to provide waste inventory estimates that will serve as standard
characterization information for the various waste management activities (Hodgson and
LeClair 1996). Appendix D contains the complete narrative regarding the derivation of the
inventory estimates presented in Tables 3-1 and 3-2.

Table 3-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-T-102 (February 11, 1997). (2 Sheets)

Al 38,500 S Tank 241-T-102 Sample Results

Bi <716 S
Ca 95.1 S
Cl 70.3 S

CO 3  3,690 S

Cr 188 S
F 42 S

Fe 2,330 S

Hg 0.8 S
K <530 S

La <71.6 S
Mn 123 S
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Table 3-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-T-102 (February 11, 1997). (2 Sheets)

Na 7,215 S

Ni 9.00 S

NO2  2,160 S

NO3  9,870 S

OH <3.1 S

Pb 247 S

P as PO4  805 S

Si 417 S

S as SO4  443 S

Sr <7.2 S

TOC 106 S

UTOTAL <2,860 S

Zr <14.3 S

Notes:

S = sample-based, M = HDW model-based, E = engineering assessment-based.

Table 3-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-T-102
Decayed to January 1, 1994 (Effective May 31, 1997). (3 Sheets)

AnlteTtal Basis Cmmn
anet ory .(S,M, or E)t

(Ci) ,

3H 0.9 S
.1c 5 .9 S

59Ni 0.00214 M
60Co <879 S
63Ni 0.206 M

7Se 0.00165 M
9 05r 30690 S _______________

90Y -30690 S based on 9 05r
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Table 3-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-T-102
Decayed to January 1, 1994 (Effective May 31, 1997). (3 Sheets)

Analyte Total Basis &nin
Invenory SM, or E

(Ci) _ _ _ _ _ _ _ _ _ _

9"mNb 0.00603 M ______________

Zr 0.00779 . M

"Tc 2.3 S
1OGRu 1.20 E-05 M
ls"Cd 0.0306 M

'"Sb 0.0398 M
12Sn 0.0025 M

129I 1.04 E-04 M
IMCs <1.5 S

l37mBa 6900 S based on "7Cs
17Cs 7300 S
151Sm 6.04 M
1s2Eu 0.0426 M

1s4Eu 63 S
issEu 70 S

226Ra 1.11 E-06 M
22Ac 0.0106 M
228Ra -0.00346 M

229Th 0.00157 M

2'Pa 0.0157 M

3 2Th 1.61 E-04 M

32U 0.179 M

233u 0.694 M

234U 1.97 M

25u 0.0851 M

236U 0.0347 M

37Np 0.07 S

28Pu 4 M

23u 1.93 M

239p_ 7.4 S
24_PU 29.6 M

241Am 32.9 S
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Table 3-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-T-102
Deca ed to January 1, 1994 (Effective May 31, 1997). (3 Sheets)

Analyte Total lasis C~mn
Invenory S,Ml, or E)

"_Pu 320 M
_ 2Cm 6.11 E-04 M

- _2pU 9.01 E-04 M
23Am 3.32 E-07 M
43Cm 0.16 S

2"Cm 1.26 E-05 M
1S=Sample-based
M=Hanford Defined Waste model-based
E=Engineering assessment-based
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APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS STANDARD
INVENTORY FOR TANK 241-T-102
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APPENDIX D

BEST-BASIS INVENTORY FOR SINGLE-SHELL TANK 241-T-102

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities. As part of this
effort, an evaluation of available information for tank 241-T-102 was performed, and a
best-basis inventory was established. This work, detailed in the following sections, follows the
methodology that was established by the standard inventory task.

D1.0 CHEMICAL INFORMATION SOURCES

This section describes the sampling campaign that was performed to establish the waste
composition profile in tank 241-T-102 (Pool 1993). In 1993, two push mode core samples
were obtained from risers 2 and 8 of tank 241-T-102, while three supernatant grab samples
were taken from riser from 2 in July, 1994. Core 55, from riser 2, contained only a small
amount of material (80.59 g), while core 56, from riser 8, consisted of so little material (8.42
g) that the core was placed into archive for later analysis. This section also discusses the
HDW model estimates of the waste composition profile based on process records and
transaction records for the tank.

D2.0 COMPARISONS OF COMPONENT INVENTORY VALUES

Based on the sample sludge level (12.7 cm), tank 241-T-102 apparently contains about 99.5 kL
(26.3 kgal) of waste, including 47.3 kL (12.5 kgal) in the dished bottom of the tank. All of
this waste evidently consists of sludge, with only a minimal amount of drainable liquid (13
volume percent). Based on these values, the waste consists of 86.6 kL (22.9 kgal) of sludge
and 12.9 kL (3.4 kgal) of drainable liquid. This inventory is about 21.7 percent lower than
the tank farm surveillance estimate of 121.1 kL (32 kgal), which consists of 71.9 kL (19 kgal)
of sludge and 49.2 kL (13 kgal) of drainable liquid or supernatant (Hanlon 1997).

From a study of a photographic montage of the tank's interior, it appears that most of the
drainable liquid or supernatant exist in the center of the tank, while the risers from which the
samples were taken are located around the periphery of the tank. Therefore, the sludge level
is nonuniform and probably concave in the middle following the dished bottom profile of the
tank. Based on these observations, the actual sludge volume could vary from as little as
52.2 kL to the Hanlon value of 71.9 kL (19 kgal).
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For the purpose of this analysis, the best-basis inventory will be developed from Hanlon 1997
estimates (71.9 kL of sludge and 49.2 kL of supernatant). Because TCR inventories are based
only on the composition of the sludge, the best basis inventory estimates will be higher for
certain components, such as Al, NO3, NO2 and Na, because of the added supernatant
contribution for these components.

Table D2-1 provides a summary of the composite sludge and supernatant analytical values and
tank inventory estimates developed from the sludge volume and sample density data (71.9 kL
[19 kgal] and 1.79 kg/L, respectively), and supernatant volume and density data (49.2 kL
(13 kgal) and 1.1 kg/L, respectively). (The chemical species are reported without charge
designation per the best-basis inventory convention). The supernatant composition is based on a
1994 supernatant sample from this tank. Because saltwell pumping was the only activity that
occurred after 1974, the 1994 supernatant sample should represent the general composition of
the excess supernatant in this tank.

Table D2-1. Analytical Results and Sludge Inventory Estimates for Nonradioactive
Components in Tank 241-T-102. (3 Sheets)

Al 299,000 NR 38,500
Sb <556 NR <71.6
As 890 NR 115
Ba <111 NR < 14.3
Be <55.6 NR <7.16

Bi <5,560 NR <716
B 356 NR 45.8

Cd 249 NR 32
Ca 739 NR 95.1
Ce <1,110 NR <143
C1 300 644 70.3
Cr 787 1,760 188
Co <111 NR <14.3
CN 4.15 NR. 0.53

Cu 57.5 NR . 7.4

Dy <556 NR <71.6
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Table D2-1. Analytical Results and Sludge Inventory Estimates for Nonradioactive
Components in Tank 241-T-102. (3 Sheets)

ON O*M m ..... ,~' -,__ $. - . ........

Mtw N '>.> L _ __ _ __ _ __

Eu <2,200 NR <283
F 220 278 42

Fe 18,100 NR 2,330
Gd <5,560 NR <716
La <556 NR <71.6

Pb 1,920 NR 247

Li <334 NR <43.0

Mg <1,110 NR <143

Mn 957 NR 123

Hg 6.25 NR 0.8
Mo <334 15.1 <43.7

Nd 1,620 NR 209
Ni 68 NR 8.75

NO 3  35,000 109,000 9,867

NO 2  8,000 23,000 2,161

OH NR <62.5 <3.1

Pd <3,340 NR <429

P as P04  4,689 4,100 805.2
K <4,000 318 <530
Rh . <3,340 NR <429

Ru <2,220 NR <286
Se <1,110 NR <143

Si 3,240 NR 417

Ag <111 NR <14.3

Na 31,400 64,500 7,215
Sr <55.6 NR <7.2

So 4  1,570 4,890 443

Te <5,560 NR <716

D-5



HNF-SD-WM-ER-700 Rev. OA

Table D2-1. Analytical Results and Sludge Inventory Estimates for Nonradioactive
Components in Tank 241-T-102. (3 Sheets)

ig Noetrto Mo19|(ut iaio o19 oa
ou x

(*moea r l(gg p mL) c Jax4~* enoy

T1 <5,560 NR <716
Th <8,900 NR <1,150
Sn <11,100 NR <1,430
Ti 60 NR 7.7
TIC as CO 3  17,300 29,700 3,688
TOC 655 449 106.4
W <2,220 NR <286
U <22,200 NR <2,860
V <111 NR <14.3
Zn 802 NR 103
Zr <111 NR <14.3
Density 1.79 g/mL 1.14 g/mL3

Notes:
'Mean sludge concentrations for core 55 from the TCR (Pool 1993).

2Supernatant composition from 1994 grab sample.

'Tank inventory based on 71.9 kL of sludge with an average density of 1.79 kg/L, and 49.2 kL of
supernatant with a density of 1.14 kg/L.

Table D2-2 provides a summary of the mean composite sludge and supernatant radionuclide
concentrations and tank inventory estimates based on the 1993 core sample and 1994
supernatant grab sample from this tank. Radionuclide results in Table D2-2 are reported as
mean values and have been decayed to January 1, 1994.
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Table D2-2. Analytical Results and Tank Inventory Estimates for Radioactive Components in
Tank 241-T-102 (Decayed to January 1, 1994, Except Total Alpha, Beta and Gamma)'.

3 H 0.007 NR 0.9
14C 0.046 NR 5.9
60Co 0.028 <17.8 <879
90Sr 238 1.24 30,690
99Tc 0.018 NR 2.3
103RU <0.88 NR 113
10Ru <0.155 NR <19.9
"4Cs <0.012 NR <1.5
"7Cs 31.9 64.9 7,299
1"Ce <0.13 NR <16.7
1s4EU 0.49 NR 63.1
1sEU- 0.54 NR 69.5
23NP 5.4E-04 NR 0.07
23/24_Pu 0.055 6.3E-03 7.4
23/2"Cm 1.25E-03 NR 0.16
24Am 0.256 <4.17E-03 32.9
Total Alpha 0.229 NR - 29.5
Total Beta 489 NR 62,930

Notes:
'Based on decayed mean of core 55 (Pool 1993).

2Based on mean of 1994 supernatant grab sample.

'Tank inventory based on 71.9 kL (19 kgal) of sludge and 49.2 kL (13 kgal) of supernatant, with densities
of 1.79 kg/L and 1.1 kg/L, respectively.
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D3.0 COMPONENT INVENTORY EVALUATION

Sample-based estimates developed from analytical data and HDW model estimates from Los
Alamos National Laboratory (LANL) (Agnew et al. 1996) are both potentially useful for
estimating component inventories in the tank. The HDW model is mainly based on process
production records and waste transaction records for each tank. Primary wastes are process
wastes added directly from a plant to tank 241-T-102, while secondary wastes are transferred
to the tank from another tank. A review of these records shows that tank 241-T-102 received
the following wastes (Agnew 1997a):

* 7,907 kL (2,089 kgal) of secondary BiPO4 metal waste (MW) from
tank 241-T-101, most of which was later sluiced for Uranium Recovery (UR).

o 1,836 kL (485 kgal) of secondary plutonium uranium extraction (PUREX)
coating waste (CWP2) from tank 241-C-102.

* 1,851 kL (489 kgal) of secondary B-Plant cesium recovery (CSR) ion exchange
effluent from tank 241-T-101 through tank 241-BX-101 and tanks
241-BX-101/241-SX-105/241-SX-106/241-SX-114 (a five tank 241-Transfer to
tank 241-T-101).

Based on analysis-of the original supernatant inventories and source of wastes in the five tank
241-Transfer, 88.4 volume percent of the waste transferred to tank 241-T-101 consists of
CSR-IX waste from tank 241-BX-101, 4.3 volume percent consists of REDOX high level (R)
waste supernatant from tank 241-SX-114 and 5.2 volume percent consists of REDOX coating
waste (CWR) supernatant.

The HDW model (Agnew et al. 1996) assumes that 71.9 kL (19 kgal) of sludge and 49.2 kL
(13 kgal) of supernatant have accumulated in tank 241-T-102, including:

* 7.6 kL (2 kgal) of BiPO4 metal waste (MW) sludge
* 64.3 kL (17 kgal) of PUREX coating waste (CWP2) sludge
* 49.2 kL (13 kgal) of supernatant.

The sludge and supernatant inventories developed from the HDW model are consistent with
the tank farm surveillance data for this tank (121.1 kL or 32 kgal of sludge and supernatant)
(Hanlon 1997). Table D3-1 compares the sample-based and HDW model estimates for
chemical components, while Table D3-2 provides a similar comparison for radioactive
components in tank 241-T-102. These values are presented to.three significant figures.
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Table D3-1. Comparison of Sample-Based and Hanford Defined Waste Model Inventory
Estimates for Nonradioactive Components in Tank 241-T-102.

Al 38,500 10,200
Bi <716 0
Ca 95.1 853
Cl 70.3 19.6

CO3  3,690 2,100
Cr 188 8.3
F 42 0
Fe 2,330 1,690
Hg 0.8 76.3
K <530 4.7
La <71.6 0
Mn 123 0
Ni 8.75 4.7
OH <3.1 24,900
NO 3  9,870 2,090
NO 2  2,161 668
Pb 247 4,340

P0 4  805 287
Si 417 0.3
Na 7,215 2,680
Sr <7.2 0
So4  443 119
TOC 106 0
U <2,860 6,750
Zr <14.3 0

Notes:
HDW = Hanford defined waste
NR = not reported.

'From Table D2-1.
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Table D3-2. Comparison of Sample-Based and Hanford Defined Waste Model Estimates for
Radioactive Components in Tank 241-T-102 (Decayed to January 1, 1994).

90 1 r9S5r 30,700 161
137Cs 7,300 135
239/240pu -7.4 122

Note:

'From Table D2-2.

Note that significant differences exist between the sample- and HDW model-based estimates
for Al, Ca, Cr, Hg, Mn, Ni, NO3, NO2, OH, Pb, P0 4, Si, Na, SO 4, TOC, and U. Among
the radionuclides, substantial differences are apparent between 90Sr, 13 7Cs, and 2 39/24OPu. In the
next section flowsheet, fuel production, and Waste Status and Transaction Record Summary
(Agnew 1997a) will be used to independently evaluate the credibility of the sample- and HDW
model-based estimates for this waste.

D3.1 WASTE TYPES

Generally, three different types of wastes were added to tank 241-T-102. The most important
from a volume perspective are secondary PUREX coating waste (CWP2) and secondary
cesium recovery (CSR) ion exchange waste.

D3.1.1 SECONDARY PUREX COATING WASTE

Approximately 1,836 kL (485 kgal) of secondary PUREX coating waste were added to
tank 241-T-102 from 1964 to 1965 (in two batches from tank 241-C-102, with coating wastes
remaining in this tank until a subsequent transfer to tank 241-T-103 in 1969). According to
the HDW model, PUREX coating waste makes up about 89 percent of the sludge in
tank 241-T-102, with the balance consisting of residual metal waste. Because tank 241-T-102
was a secondary receiver, one cannot predict from the flowsheet the absolute quantities of such
waste that might have been added to this downstream tank. However, one can generate upper
bounding estimates as if all of the components in this waste were routed directly to tank
241-T-102 (that is, assuming that tank 241-T-102 was the primary receiver of such wastes).

A spreadsheet analysis of the PUREX fuel fabrication and production records and waste
transaction records (Agnew 1997) shows that 838.5 metric tons of uranium of (aluminum-clad)
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PUREX coating waste were transferred to tank 241-C-102 and subsequently to tank 241-T-102
(in two batches of 40 kgal and 445 kgal each during the fourth quarter of 1964 and second
quarter of 1965, respectively). The number of metric tons of uranium (MTUs) was computed
by allocating the amount of fuel for each of these quarters based on the volumetric ratio of
PUREX coating waste sent to tank 241-T-102 divided by the total volume of waste transferred
to all of the tanks during these quarters. On this basis, tank 241-T-102 received 49.4 MTUs
(809.6 gal/MTU) of secondary PUREX coating waste in 1964 and 789.1 MTUs (563.9
gal/MTU) of such waste in 1965. These values were derived from a spreadsheet analysis of
the waste transaction records and fuel production records for the indicated periods, with the
coating waste volumes (in gal/MTU) being computed from this data for each quarter. On
average, about 404 gal/MTU of PUREX coating waste were produced, including flushes and
dilution water, compared to the nominal flowsheet estimates of 250 to 350 gal/MTU.

D3.1.1.1 Silica. The aluminum alloy jacket around the fuel typically contains 0.046 kg
Si/MTU, while the Al-Si braze metal used in the bonding layer adds another 1.269 kg Si/MTU
(Kupfer et al. 1997). Therefore, the upper bounding limit for Si in the PUREX coating waste
should be 1,102 kg (compared to the sample-based estimate of 417 kg and HDW estimate of
0.3 kg).

According to the PUREX flowsheet (Matheison and Nicholson 1968), 1,069 kg of Si were
added to this tank based on 0.07 gmoles/L of Si in the concentrated coating waste (171.9 gal
of coating waste per MTU of dissolved fuel) and correcting for the amount of dilution water in
this waste (which increases the total volume to 809.6 gal/MTU for the 1964 transfer and 563.9
gal/MTU for 1965). For example, in 1964 151.4 kL (40 kgal) of such waste was transferred
with 0.07 gmoles/L of Si diluted by the ratio of actual waste (809.6 gal/MTU) to theoretical
waste (171.9 gal/MTU). Therefore, in 1964 only 63 kg of Si could have been transferred,
while in 1965, 1,006.4 kg of Si could have been transferred to this tank. The total amount of
Si (1,069.4 kg) is in close agreement with the fuel and waste transaction records derived
estimate (1,102 kg). Unless all of the Si quantitatively precipitated in the first tank of the
cascade (241-C-102), the sample-based Si estimate (417 kg) appears to be more reasonable
value than the HDW estimate for this component (0.3 kg).

D3.1.1.2 Aluminum and Nickel. Other components were also contained in the PUREX
coating waste, including 39,500 kg of Al and 395 kg of Ni (47.1 kg of Al and 0.47 kg of Ni
per MTU, Kupfer et. al. 1997). Aluminum-clad fuels produced after 1959 contained about 1
percent Ni in the Al alloy jacket (Kupfer et. al. 1997).

Most of the Al was dissolved as sodium aluminate and transferred as such to one of the
downstream receiver tanks. The upper bounding Al inventory can be estimated by subtracting
the proportional amount of Al that precipitated in tank 241-C-102 (3,606 kg) from the total
amount of Al transferred or added to tanks 241-C-102 and 241-T-102 in 1964 and 1965
(39,500 kg). The amount that precipitated in the sludge can be estimated by multiplying the
total amount of Al added to tank 241-C-102 (97,000 kg) by the volume of coating waste
transferred to tank 241-T-102 (485 kgal) divided by the total volume of such waste added to
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tank 241-C-102 (13,044 kgal) (485/13,044 x 97,000 = 3,606 kg of Al) (Kupfer et. al. 1997).
The results show that the upper bounding Al estimate for tank 241-T-102 should be 35,890 kg
(39,500 - 3,606 = 35,894 kg) (compared to the sample-based estimate of 38,500 kg and HDW
estimate of 10,200 kg). The sample-based Al inventory appears to be in good agreement with
the upper bounding estimate for Al (38,500 kg compared to 35,890 kg). Because of
atmospheric absorption of C0 2, and decreasing pH conditions in the supernatant, most of the
Al in the PUREX coating waste supernatant must have precipitated over the five year period
from 1964 to 1969.

In a parallel set of estimates for Ni, it appears that 395 kg of Ni from PUREX coating waste
was added to tanks 241-C-102 and 241-T-102, but 326 kg apparently precipitated in tank
241-C-102 based on the best-basis inventory estimate (Kupfer et. al. 1997). By difference,
approximately 69 kg of Ni may have been added to tank 241-T-102 from this source
(compared to the sample-based estimate of 8.75 kg).

D3.1.1.3 Common Sludge Layers. Another approach that might be considered is to estimate
the composition of tank 241-T-102 waste (a secondary PUREX coating waste receiver) based
on the proportional amount of such waste in tanks 241-C-102 and 241-C-105 (both primary
PUREX coating waste receivers). Tank 241-C-104 also received PUREX coating waste, but
this waste only represents 56 percent of the total waste in this tank. In the other tanks,
PUREX coating waste is thought to represent about 90 percent of the sludge in tank 241-C-105
and 85 percent of the sludge in tank 241-C-102. This approach also assumes that all of the
waste transferred to tanks 241-C-102 and 241-T-102 actually precipitated in tank 241-T-102
(and therefore represents the upper bounding limit for such waste). These estimates were
generated by multiplying the amount of each component in tanks 241-C-102 and 241-C-105 by
the volume of coating waste sent to tank 241-T-102 (485 kgal) divided by the total volume of
such waste added to tanks 241-C-102 (13,044 kgal) or 241-C-105 (3,151 kgal) (Kupfer et. al.
1997). The results are summarized in Table D3-3, together with sample and HDW estimates
for tank 241-T-102 waste.

Table D3-3. Comparison of Common Sludge Layer Derived Estimates for
PUREX Coating Waste in Tank 241-T-102 to Sample and Hanford Defined Waste Based

Estimates for This Tank. (2 sheets)

B_- 126 25 <716

agN .gl. CVp M ~ ... .N MB~ dE t u

B1i .126 25 < 716 10
Cr 27 51 188 8

Fe 438 404 2,330 1,690
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Table D3-3. Comparison of Common Sludge Layer Derived Estimates for
PUREX Coating Waste in Tank 241-T-102 to Sample and Hanford Defined Waste Based

Estimates for This Tank. (2 sheets)

Pb 4 36 247 4,34

Mn7 -9 123__ 04_____

Ni 326 82 9 5
NO3  2,020 844 9,870 2,090
NO2  661 NR 2,160 668
P04  138 396 805 287
Si 1,770 1,520 417 0.3

Na 4,070 4,220 7,220 2,680
So 4  171 <835 443 119
U 111 387 <2,860 6,750
Zn 452 0.6 103 NR
Zr 268 32 <14.3 0

Notes:
'Common sludge layer estimate based on tank 241-C-102 sludge composition multiplied by fraction of
PUREX coating waste routed to tank 241-T-102 (485 kgal) divided by volume routed to tank 241-C-102
(13,044 kgal).

2Common sludge layer estimate based on tank 241-C-lO5 sludge composition multiplied by fraction of
PUREX coating waste routed to tank 241-T-102 (485 kgal) divided by volume routed to tank 241-C-lO5
(3,151 kgal).

'Sample-based inventory estimate from Table D2-1.

4HDW based inventory estimate from Table D3-1.

Results in Table D3-3 show that sample-based estimates for Al, Cr, Fe, NO3, NO2, Pb, P04,
Na, and U are higher than the common sludge layer derived estimates for PUREX coating
waste. If the common sludge layer estimates are correct, these components must have been
added from some other source, such as precipitation from B-Plant cesium recovery ion
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exchange (PUREX supernatant waste [PSN] and REDOX supernatant [RSN]) waste or from
PUREX coating waste supernatants. It appears, based on this analysis, that only 2,600 kg of
aluminum could have been added with the PUREX coating waste sludge (average of tank
241-C-102 and 241-C-105 projections in Table D3-3). Perhaps another 2,300 kg might have
been added by precipitation from the cesium recovery ion exchange PUREX sludge
supernatant (PSS) waste (Table D3-4). The remaining fraction of Al (33,600 kg) must have
been added by precipitation from the PUREX coating waste supernatants over the period from
1964 to 1969, or from cesium recovery ion exchange supernatants (PSN and RSN derived
supernatants) added in 1972. A similar comparison also suggests that large quantities of Cr,
Fe and P0 4 werte probably introduded with the cesium recovery (CSR) ion exchange wastes.

Other components, such as Ni, Si, and Zr appear to be at lower concentration in the
tank 241-T-102 than might be inferred from the common sludge layer estimates, which is
expected for those components that readily precipitate in the primary receiver tank
(241-C-102). For Mg, Mn, and SO4, the sample-based estimates are very close to the
common sludge layer derived estimates based on the primary receiver tanks. This indicates
that the sample-based estimates for Mg, Mn, and S04 are in the correct range and on balance
are likely to be more representative than the HDW estimates for these components
(Table D3-3).

D3.1.2 SECONDARY CESIUM RECOVERY ION EXCHANGE WASTE

About, 1,851 kL (489 kgal) of secondary cesium recovery (CSR) ion exchange
waste were transferred to tank 241-T-102 in 1972 (the last transfer to tank 241-T-102). In the
B-Plant flowsheets for this process, two separate feedstocks were identified as cesium ion
exchange feeds, high level PUREX supernatants (PSN) and more dilute PUREX supernatants
from sluicing (PSS). Table D3-4 summarizes the average concentration profiles for these
feeds, together with the estimated amount of each component that might have added in 1,851
kL (489 kgal) of PSN or PSS supernatant to tank 241-T-102. While the general source of the
cesium recovery supernatants can be established from flowsheets, it is not possible at this time
to determine the exact fraction of PSN and PSS in the final effluent stream to tank 241-T-102.
However, based on B-Plant cesium recovery records, it appears that 80.6 percent of the feed
during the second and third quarters of 1972 consisted of PSN and 19.4 percent REDOX
supernatant (RSN), with small amounts of current acid waste (CAW). It cannot be established
from these records the fraction of aluminum rich RSN that might have been transferred to tank
241-T-102.
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Table D3-4. Projected Inventory of Secondary Cesium-Strontium Recovery Waste Added to
Tank 241-T-102.

Al 0.046 NR 2,300 NR
C1 0.002 0.078 130 5,130

C03 0.71 0.73 78,900 81,100
Cr 0.0081 NR 780 NR

N03 0.92 0.52 106,000 59,700
N02 0.47 2.8 40,000 .238,000
PO4 0.031 0.013 5,450 2,290
Si 0.005 NR 260 NR
Na 3.8 5.15 162,000 219,000

So 4  0.37 10.13 65,800 23,100

It seems clear from this comparison that cesium recovery supernatants contained much higher
inventories of Cl, C0 3, Cr, NO3, NO2, Na, and SO 4 than indicated in the samples from this
tank (Table D3-3). In all likelihood, these components probably remained in the 1,798 kL
(475 kgal) of supernatant transferred from tank 241-T-102 to tank 241-S-110 in 1974. The
small amount of Al in the PSS supernatant (2,300 kg) also suggests that most of the aluminum
in tank 241-T-102 sludge was probably precipitated from the PUREX coating waste
supernatant, or perhaps from the REDOX (RSN) supernatants processed through B-Plant
during the first quarter of 1972. The modest amounts of Si in PSS waste and P0 4 in PSN
waste in Table D3-4 are also consistent with the sample-based inventories for these
components, 417 kg of Si and 805 kg of P0 4, compared to HDW estimates of 0.3 and 287 kg,
respectively. Therefore, the cesium recovery PSN supernatants may have been a significant
source of P0 4 and possible source of Si in the tank 241-T-102 waste.
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D3.1.3 BiPO4 METAL WASTE (MW)

Published sluicing records show that most of the metal waste was sluiced out of this tank in
1953 and 1956. However, a residual inventory of 7.6 kL (2 kgal) of metal waste is thought to
have been left in the tank (Agnew 1997a, Anderson 1990). This residual inventory is
generally consistent with the current analytical for this waste. According to these results, the
current uranium inventory is less than 2,860 kg. This corresponds to a possible inventory of
5,610 L (1,482 gal) of metal waste, based on known composition of tank 241-T-101 metal
waste (1.53 g moles of U/kg .of metal waste) and assumed density of 1.74 kg/L (GE 1951,
Agnew 1996). This volume of metal waste would be expected to contain 380 kg of PG4 and
935 to 2,142 kg of CO. (0.51 g moles of P0 4/kg of metal waste and 1.92 to 4.4 g moles of
CO3/kg of metal waste sludge) (GE 1951). These estimates are not only consistent with the
current analytical estimates for P0 4 and C0 3, but also indicate that a considerable fraction of
the PG4 and CO3 must have been added with the residual metal waste to this tank. The current
estimate for uranium (less than 2,860 kg) also appears to be consistent with the sluicing
records from this era which indicate that 81,800 kg of uranium were left in tanks 241-T-101,
241-T-102, and 241-T-103 after the last sluicing campaign.

D3.2 CESIUM AND STRONTIUM

Tank 241-T-102 has an estimated heat load of 3,843 Btu/h or 1,126 watts (Kummerer 1995).
This heat load corresponds to 238,600 Ci of '37Cs or 168,000 Ci of 90Sr, values that are well
above the sample-based estimates for this tank (7,299 Ci of 137Cs and 30,690 Ci of 90Sr,
decayed to January 1, 1994). In addition to other sources of cesium and strontium, a
significant fraction of cesium may have been added from tank 241-T-101 during the third
quarter of 1972 (through the REDOX supernatant from tank 241-SX-1 14). The sample-based
inventory is equivalent to a heat load of 240 watts, based on a vapor space temperature of
24 *C (75 *F) and unknown waste temperature. Because the reliability of the tank
241-Thermal model has not been independently verified for this tank, it will be assumed for
purposes of the standard inventory estimate that the sample-based estimates for "'Cs and 90Sr
are correct. The sample-based estimates, on balance, seem to be more reasonable than the
HDW model estimates for this tank (161 Ci of 90Sr and 135 Ci of '37Cs, also decayed to
January 1, 1994).

D3.3 SUMMARY

The sample-based estimates for Si, Al, and Ni appear to be in the correct range and are
generally consistent with upper bounding estimates developed from other sources of
information, including process flowsheets, fuel and waste transaction records and the known
composition of common sludge layers in other tanks. Sample results for Mg, Mn, and SO 4 are
consistent with the composition of common sludge layers in other tanks, while Ni, Si, and Zr
estimates are also consistent with the expected trend for secondary receiver tanks (that is, at
lower concentration than in the primary receiver tanks). From the analysis of secondary
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cesium recovery wastes, it was determined that projected inventories for Si and P0 4 are
consistent with measured values in the tank 241-T-102 sludge. The analytical results for
uranium also show that the residual metal waste inventory is consistent with the projected
amount of residual metal waste in this tank (5,610 L versus 7,570 L) (Anderson 1990, Agnew
1996). Based on the indicated matches, it appears that the flowsheet and common sludge layer
derived estimates support the credibility of the sample-based estimates for this tank.
Moreover, this analysis shows that the HDW estimates for Al, Cr, Mn, P0 4, Si, and Na are.
low, and comparable estimates for Pb and U high with respect to sample-based inventories in
tank 241-T-102 (Table D3-3). Sample-based estimates for '37Cs and 90Sr are generally
consistent with the thermal modelling results for this tank, although the analytical results are
considerably lower than might be expected from the thermal model. A significant fraction of
"'Cs may have been added from tank 241-T-101 during the third quarter of 1972 (through the
REDOX supernatant in tank 241-SX-114).

Based on this comparison, the 1993 core sample (core 55) appears to offer the most reasonable
and consistent set of estimates currently available for this tank. This sample will be used to
develop the best-basis inventory for tank 241-T-102 because of the large number of analytical
measurements (2,033), including 833 measurements for quality control and 230 for
homogenization tests.

D4.0 BEST-BASIS INVENTORY ESTIMATE

Chemical and radionuclide inventory estimates are generally derived from one of three sources
of information: (1) sample analyses and sample derived inventory estimates, (2) component
inventories predicted by the HDW model based on process knowledge and historical tank
241-Transfer information, or (3) a tank-specific process estimate based on process flowsheets,
reactor fuel data, essential materials records, or comparable sludge layers and sample
information from other tanks.

An effort is currently underway to provide waste inventory estimates that will serve as the
standard characterization data for various waste management activities. As part of this effort,
a survey and analysis of various sources of information relating to the chemical and
radionuclide component inventories in tank 241-T-102 was performed, including the
following:

1. Data from one core sample obtained in 1993 (Pool 1993).

2. Component inventory estimates provided by the HDW model (Agnew et.al.,
1996).
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3. Evaluation of upper bounding estimates for secondary (Al-clad) PUREX coating
(CWP2) waste and secondary cesium recovery (CSR) ion exchange waste, based
on process flowsheets, fuel and waste transaction records for this tank.

4. Analysis of CWP2 sludge based on common sludge layers in tanks 241-C-102
and 241-C-105, together with waste transaction records for these tanks.

5. Analysis of residual metal waste based on the composition of tank 241-T-101
MW (GE 1951).

6. Evaluation of the estimated thermal loads provided by the sample-based
inventories of 90Sr and 1"Cs relative to thermal modelling results for this tank.

Once the best basis inventories were determined, the hydroxide inventory was calculated by
performing a charge balance with the valences of other analytes. In some cases this approach
requires that other analyte (e.g., sodium or nitrate) inventories be adjusted to achieve the
charge balance. During such adjustments the number of significant figures is not increased.
This charge balance approach was consistent with that used by Agnew et al. (1997).

Based on this analysis, a best-basis inventory was developed. The 1993 core sample was used
to generate estimates for the chemical and radionuclide components in this waste. The waste
in tank 241-T-102 primarily consists of secondary (Al-clad) PUREX coating (CWP2) waste,
secondary cesium recovery (CSR) ion exchange waste and a small amount of residual metal
waste (MW) from the BiPO4 process. The best-basis inventory for tank 241-T-102 is
presented in Tables D4-1 and D4-2. The inventory values reported in Tables D4-1 and D4-2
are subject to change. Refer to the Tank Characterization Database (TCD) for the most
current inventory values.

Best-basis tank inventory values are derived for 46 key radionuclides (as defined in Section 3.1
of Kupfer et al. 1997), all decayed to a common report date of January 1, 1994. Often, waste
sample analyses have only reported 90Sr, ""Cs, 2 912 0Pu, and total uranium, or (total beta and
total alpha) while other key radionuclides such as 6 0Co, "Tc, 1291 ' 54Eu, 155Eu, and MIAm, etc.,
have been infrequently reported. For this reason it has been necessary to derive most of the 46
key radionuclides by computer models. These models estimate radionuclide activity in batches
of reactor fuel, account for the split of radionuclides to various separations plant waste
streams, and track their movement with tank waste transactions. (These computer models are
described in Kupfer et al. 1997, Section 6.1 and in Watrous and Wootan 1997.) Model
generated values for radionuclides in any of 177 tanks are reported in the Hanford Defined
Waste Rev. 4 model results (Agnew et al. 1997b). The best-basis value for any one analyte
may be either a model result or a sample or engineering assessment-based result if available.
(No attempt has been made to ratio or normalize model results for all 46 radionuclides when
values for measured radionuclides disagree with the model.) For a discussion of typical error
between model derived values and sample derived values, see Kupfer et al. 1997, Section
6.1.10.
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Best-basis tables for chemicals and only four radionuclides (0Sr, '37Cs, Pu and U) were being
generated in 1996, using values derived from an earlier version (Rev. 3) of the Hanford
Defined Waste model. When values for all 46 radionuclides became available in Rev 4 of the
HDW model, they were merged with draft best-basis chemical inventory documents. Defined
scope of work in FY 1997 did not permit Rev. 3 chemical values to be updated to Rev. 4
chemical values.

Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-T-102 (February 11, 1997). (2 Sheets)
<c.~c> ~ ~ >O *~:k*>) ..**t

Al 38,500 5 Tank 241-T-102 Sample Results
Bi <716 5
Ca 95.1 5

Cl 70.3 S

CO3  3,690 5
Cr 188 5

F 42 S

Fe 2,330 S

Hg 0.8 5

K <530 5

La <71.6 5
Mn 123 5

Na 7,215 5

Ni 9.00 S

NO2  2,160 5

NO3  9,870 S-

OH <3.1 S

Pb 247 S

PasPO4  805 S

Si 417 -.5

SasSO4  443 S
Sr <7.2 S

TOC 106 S
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-T-102 (February 11, 1997). (2 Sheets)

p _60 __ __ _ __ __ _

UTOTAL < 2 8 0_ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _

Zr <14. N m g-ma

Notes:

'S = sample-based, M = HDW model-based, E = engineering assessment-based.

Table D4-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-T-102
Decayed to January 1, 1994 (Effective May 31, 1997). (2 Sheets)

Anlt otal jlasis Cmmn

.... ...... .... . ..... %

'H 0.9 S
"C 5.9 S
59Ni 0.00214 M
60Co <879 S
5Ni 0.206 M
"Se 0.00165 M

9OSr 30690 S
90 30690 S based on 90 Sr

""'Nb 0.00603 M
93 Zr 0.00779 M
99Tc 2.3 S

106Ru 1.20 E-05 M
l 3mCd 0.0306 M

1Sb 0.0398 M
126Sn 0.0025 M

129j 1.04 E-04 M
134Cs <1.5 S

13 7mBa - 6900 S based on CS
"37Cs 7300 S

151sM 6.04 M
1s2Eu 0.0426 M
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Table D4-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-T-102
Decayed to January 1, 1994 (Effective May 31, 1997). (2 Sheets

nen to ry ( tM. Jr:E
( Ci)

"Eu 63 S
.ssEu 70 S -

226 . 1.11 E-06 M
2Ac 0.0106 M
22Ra 0.00346 M
2 9Th 0.00157 M
"1Pa 0.0157 M
32Th 1.61 E-04 M
32U 0.179 M
33u 0.694 M
23U 1.97 M -
23su 0.0851 M
236U 0.0347 M

23Np 0.07 S
"Pu 4 M
238u 1.93 M

239Pu 7.4 S

2Pu 29.6 M
"IAm . 32.9 S
24PU 320 M
22CM 6.11 E-04 M
_ 2pU 9.01 E-04 M
24,m 3.32 E-07 M
23CM 0.16 S

2"m1.26 E-05 M
'S=Sample-based
M=Hanford Defined Waste model-based
E=Engineering assessment-based
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